ABSTRACT Aims/Introduction: To assess the efficacy and safety of sitagliptin compared with aglucosidase inhibitors in Japanese patients with type 2 diabetes inadequately controlled by metformin or pioglitazone alone. Materials and Methods: In the present multicenter, randomized, open-label, parallelgroup, active-controlled, non-inferiority trial, 119 patients aged 20-79 years with type 2 diabetes who had glycated hemoglobin 6.9-8.8% on stable metformin (500-1,500 mg/day) or pioglitazone (15-30 mg/day) alone were randomly assigned (1:1) to receive the addition of sitagliptin (50 mg/day) or an a-glucosidase inhibitor (0.6 mg/day voglibose or 150 mg/day miglitol) for 24 weeks. The primary end-point was change in glycated hemoglobin from baseline to week 12. All data were analyzed according to the intention-to-treat principle. Results: After 12 weeks, reductions in adjusted mean glycated hemoglobin from baseline were -0.70% in sitagliptin and -0.21% in the a-glucosidase inhibitor groups respectively; between-group difference was -0.49% (95% confidence interval -0.66 to -0.32, P < 0.0001), meeting the predefined non-inferiority criterion (0.25%) and showing statistical significance. This statistical significance also continued after 24 weeks. Although sitagliptin did not affect bodyweight, a-glucosidase inhibitors decreased bodyweight significantly from baseline (-0.39 kg; P = 0.0079). Gastrointestinal disorders were significantly lower with sitagliptin than with an a-glucosidase inhibitor (6 [10.3%] patients vs 23 [39.7%]; P = 0.0003). Minor hypoglycemia occurred in two patients (3.5%) in each group.
INTRODUCTION
Type 2 diabetes accounts for approximately 90% of all cases of diabetes mellitus, and its incidence is rapidly increasing. Currently, approximately 366 million people worldwide have diabetes, and 552 million are expected to have diabetes by 2030 1 . Diabetes can lead to various vascular complications that contribute to mortality, reduced quality of life and excessive medical costs. To prevent diabetic vascular complications, achievement of optimal glycemic control (e.g., glycated hemoglobin [HbA1c] < 7.0%) from an early stage of the disease is recommended [2] [3] [4] . However, hypoglycemia and weight gain associated with tight glycemic control could have potentially negative effects on cardiovascular risk and mortality 5 . The American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) recommend metformin as a first-line oral therapy for treatment of type 2 diabetes 6 . Metformin has a low hypoglycemia risk when used alone, and might reduce cardiovascular events 7 ; thus, metformin is the most widely used drug in the treatment of type 2 diabetes. Pioglitazone, which activates peroxisome proliferator-activated receptor c (PPARc) 8 , also has a low risk of hypoglycemia with a beneficial effect on cardiovascular events, as shown in a large trial involving patients with overt macrovascular disease 9 . Both of these drugs are insulin-sensitizing agents, contribute to glycemic control and are widely used as an initial drug for treatment of diabetes in Japan. However, because type 2 diabetes is a progressive disease, most people eventually require additional treatment to achieve good glycemic control 10 , and especially, a choice of the second-line drug is very important to determine subsequent glycemic control.
Sitagliptin is a once-daily dipeptidyl peptidase-4 (DPP-4) inhibitor that improves glycemic control by preventing the rapid degradation of incretin hormones 11 . Sitagliptin is well-tolerated, and associated with a low risk of hypoglycemia and weight gain when used alone [12] [13] [14] . In Japan, the most frequently used oral hypoglycemic agent had been sulfonylurea until the appearance of DPP-4 inhibitor 15 . As this relatively new agent is comparatively effective for Japanese patients, it has been becoming widely used in combination therapy as well as in monotherapy. In contrast, a-glucosidase inhibitors, which lower postprandial glucose excursions, have been widely used in Japan as first-line and combined drugs for a long time. Alpha-glucosidase inhibitors have shown clear efficacy and are relatively safe for patients with type 2 diabetes 16 , and the risk of hypoglycemia and weight gain is minimal, because they reduce oversecretion of insulin and consequently lighten the load of the pancreas. Furthermore, a-glucosidase inhibitors have been shown to reduce cardiovascular events in patients with type 2 diabetes as well as those with impaired glucose tolerance 17, 18 . In fact, in patients with impaired glucose tolerance, a-glucosidase inhibitors help prevent the development of type 2 diabetes 19, 20 . Recently, Iwamoto et al. 21 reported that greater efficacy and better tolerability of sitagliptin monotherapy than that of a-glucosidase inhibitor (voglibose) in Japanese patients with type 2 diabetes.
In Western countries, sitagliptin has been shown to be effective in combination with metformin or pioglitazone [22] [23] [24] . However, in Asian patients with diabetes, the glucose-lowering effects, changes in insulin secretion and resistance, frequencies of hypoglycemia, and effects on bodyweight when sitagliptin is used in combination therapy have not been sufficiently documented. Therefore, in the present Study for an Ultimate Combination Therapy to Control Diabetes with Sitagliptin-1 (SUCCESS-1) trial, focusing on the choice of the second-line drug, we aimed to assess the efficacy and safety of sitagliptin compared with an a-glucosidase inhibitor in Japanese patients with type 2 diabetes who were inadequately controlled by metformin or pioglitazone alone.
MATERIALS AND METHODS

Design
The present multicenter, randomized, open-label, parallel-group, active-controlled, non-inferiority trial was carried out at 37 sites in Japan from January 2011 to September 2012. It included an initial observation period within 8 weeks followed by a 24-week treatment period (sitagliptin or a-glucosidase inhibitor) and, finally, 4 weeks of follow up to record any new adverse events. The present study was approved by the ethics committee at the each center and registered at http://www.umin.ac.jp/ctr/ (UMIN-ID: UMIN 000004675).
Participants
Eligible study participants were men and women aged 20-79 years with type 2 diabetes receiving metformin (500-1,500 mg/day) or pioglitazone (15-30 mg/day) for 2 months or longer, and with a HbA1c level of 6.9-8.8%. The main exclusion criteria were previous treatment with insulin or oral glucose-lowering drugs other than metformin or pioglitazone within the past 2 months; impaired renal function (serum creatinine ≥133 lmol/L in men or ≥115 lmol/L in women); or a diagnosis of stroke, myocardial infarction, or other severe cardiovascular complications requiring hospitalization within the past 6 months. All patients provided written informed consent.
Procedures and Randomization
Patients receiving metformin or pioglitazone entered an initial observation period within 8 weeks. At the end of the observation period, patients were randomly assigned to either 24 weeks of treatment with sitagliptin (50 mg once a day) or an a-glucosidase inhibitor (0.2 mg voglibose or 50 mg miglitol three times a day) added to ongoing metformin or pioglitazone (dose unchanged throughout the study) through a website using a minimization method 25 with biased-coin assignment balancing including age (≥65 years vs <65 years), sex and type of premedication (metformin vs pioglitazone).
Study End-Points
The primary efficacy end-point was change in HbA1c from baseline at week 12. Secondary end-points were change in HbA1c from baseline at week 24, proportion of participants reaching HbA1c targets of <7.0%, (as recommended by the ADA) 26 at week 12 and 24, changes from baseline at week 12 and 24 in fasting plasma glucose (FPG), glycoalbumin, 1,5-anhydroglucitol (1,5-AG), fasting insulin and C-peptide concentrations, plasma proinsulin/insulin ratio, homoeostasis model assessment of b-cell function (HOMA-b), homoeostasis model assessment of insulin resistance (HOMA-IR), fasting lipid profile, urinary biomarkers, bodyweight, blood pressure, and heart rate. Laboratory analyses were carried out by SRL Corporation (Tokyo, Japan).
Safety and tolerability were assessed throughout the study, and included monitoring for adverse events, physical examinations, vital signs and clinical laboratory measurements. Investigators evaluated each clinical adverse event for intensity, duration, outcome and relationship to study drug. Adverse events of special interest included hypoglycemia and gastrointestinal symptoms. We also assessed medication compliance at the end of the study by asking patients directly. The study was open-label, but data were masked from the statistician until database release.
Statistical Analysis
Based on previous reports 21, 27, 28 , the standard deviation was assumed to be 0.6%, and the true difference between the two randomized treatments was zero in HbA1c. We determined that enrolment of 116 patients (58 patients in each group) would provide a power of at least 80% and a significance level of 0.025 (one-sided), to show non-inferiority for sitagliptin, based on the change in HbA1c from baseline to week 12, with a 0.25% HbA1c non-inferiority margin, which we considered to be a clinically acceptable margin 24 . Additional assumption in sample-size calculations was that 15% of patients would be lost to follow up. Non-inferiority would be established by the upper limit of the two-sided 95% confidence interval (CI) for treatment difference in the adjusted mean change in HbA1c from baseline to end-point of <0.25% (non-inferiority margin).
Data collection and all the statistical analyses were independently carried out at the Chiba University Hospital Clinical Research Center, Chiba, Japan. The analyses of the primary and secondary outcomes were carried out on data from all patients who had undergone randomization, according to the intention-to-treat principle.
For baseline variables, summary statistics were constructed using frequencies and proportions for categorical data, and means and standard deviations for continuous variables. Patient characteristics were compared using Fisher's exact test for categorical outcomes and unpaired t-tests with equal variance for continuous variables, as appropriate.
The primary end-point of change in HbA1c from baseline at week 12 was analyzed by analysis of covariance (ANCOVA) with treatment as fixed effect, sex, premedication and age as covariates. As a sensitivity analysis, for dimensional outcomes, linear mixed-effects models were used to determine mean values at each assessment point (12 and 24 weeks), and to test the study hypotheses with respect to between-group differences at 24 weeks. In the linear mixed-effects model, time and treatment were included as fixed effects, and intercept and linear slope terms as random effects, and a compound symmetry covariance was used to account for within-subject correlation over time.
As with the safety analysis, serious adverse events, anticipated adverse events and adverse events leading to permanent study-drug withdrawal were tabulated according to randomized group assignment, and analyzed by Fisher's exact test.
All comparisons were planned, and all P-values were twosided. A P-value of <0.05 was considered statistically significant. All statistical analyses were carried out using SAS software version 9.3 (SAS Institute, Cary, NC, USA).
RESULTS
Demographics and Baseline Characteristics
A total of 119 patients were initially screened and randomly assigned to either sitagliptin (n = 60) or a-glucosidase inhibitor (n = 59) in addition to metformin or pioglitazone. A total of 116 (97.5%) received at least one dose of the study drug, and 105 (88.2%) completed the study. Seven patients dropped out from each treatment group during the trial because of withdrawal of consent, adverse events and lost to follow up ( Figure 1 ). Characteristics of patients were well balanced between treatment groups (Table 1) .
Efficacy
HbA1c was reduced to a significantly greater extent with sitagliptin than with an a-glucosidase inhibitor at weeks 12 and 24 ( Figure 2) . At week 12, adjusted mean decreases in HbA1c from baseline were -0.70% (95% CI -0.83 to -0.58) for sitag- liptin and -0.21% (95% CI -0.34 to -0.097) for the a-glucosidase inhibitors in the full analysis set. The least squares mean of treatment difference was -0.49% (-0.66 to -0.32) (P < 0.0001). This result met the predefined non-inferiority criterion of 0.25% and after that confirmed the superiority of sitagliptin over a-glucosidase inhibitors. Additionally, at week 24, adjusted mean decreases in HbA1c from baseline were -0.71% (95% CI -0.88 to -0.54) for sitagliptin and -0.29% (95% CI -0.50 to -0.077) for the a-glucosidase inhibitors (difference -0.43%, 95% CI -0.69 to -0.16, P = 0.0024). Treatment difference for the analyses by a linear mixed model was similar to those derived for the analysis of covariance (P < 0.0001, a mixed-effects model). Throughout the study, significantly more participants achieved HbA1c targets <7.0% with sitagliptin combination therapy than with a-glucosidase inhibitor combination therapy. At week 12, 31 (55.3%) of 56 participants receiving sitagliptin combination therapy had a HbA1c <7.0% compared with 17 (32.1%) of 53 receiving a-glucosidase inhibitor combination therapy (P = 0.0089). Similarly, at week 24, 32 (60.0%) of 53 participants on sitagliptin combination therapy had a HbA1c <7.0% compared with 17 (32.7%) of 52 receiving a-glucosidase inhibitor combination therapy (P = 0.0020).
Treatment with sitagliptin also led to a significant decrease in FPG from baseline at week 12 and 24 ( Table 2 ). The least squares mean of treatment difference in FPG at week 12 was -0.86 mmol/L (95% CI -1.5 to -0.21) lower with sitagliptin than with a-glucosidase inhibitors (P = 0.010), but no significant difference was noted at week 24. The analyses limited to the patients who had been taking metformin also led to the same results regarding glucose-lowering effects (data not shown).
Changes in other secondary end-points are summarized in Table 2 and Table S1 . In addition to HbA1c, glycoalbumin was reduced to a significantly greater extent with sitagliptin than with a-glucosidase inhibitors throughout the study. 1,5-AG levels significantly increased from baseline in both groups, but differences between groups were not significant. Sitagliptin significantly improved HOMA-b values from baseline, but no significant differences were observed between groups. For other glycemic efficacy parameters, no notable differences were seen in either treatment group.
While sitagliptin did not affect bodyweight, a-glucosidase inhibitors decreased bodyweight significantly from baseline ( Table 2 ). The adjusted mean differences were 0.64 kg (95% CI 0.17-1.1, P = 0.0079) at week 12, and 1.1 kg (0.40-1.7; 
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C L I N I C A L T R I A L http://onlinelibrary.wiley.com/journal/jdi Combination therapy with sitagliptin P = 0.0021) at week 24 between two groups. As with the glucose-lowering effects, the analyses limited to the patients who had been taking metformin also showed the same significant differences in bodyweight (data not shown).
No clinically meaningful changes in blood pressure and heart rate were observed in either group. Sitagliptin also had no effects on serum lipid parameters, whereas a-glucosidase inhibitors increased the levels of total cholesterol, low-density lipoprotein cholesterol, non-high-density lipoprotein cholesterol and apolipoprotein B (Table S1) , which led to the significant differences between the two groups. Table 3 summarizes treatment-emergent adverse events. Adverse events were reported by 19 (32.8%) of 58 participants in the sitagliptin group, and 30 (51.7%) of 58 participants in the a-glucosidase inhibitor group. One (1.7%) serious treatment-emergent adverse event was observed in each group (ileus and cholangitis); no deaths occurred. Two (3.5%) episodes of mild hypoglycemia occurred in each group. The most common adverse events were gastrointestinal symptoms, and the incidence was significantly greater with the a-glucosidase inhibitors (23 [39.7%]) than with sitagliptin (6 [10.3%]). Each of the prespecified gastrointestinal adverse events (diarrhea, flatulence, abdominal distention) was also significantly greater with the a-glucosidase inhibitors than with sitagliptin. Two (3.5%) of 58 participants in the sitagliptin group and five (8.6%) of 58 participants in the a-glucosidase inhibitor group withdrew from the study because of a treatment-emergent adverse event. Withdrawals in the sitagliptin group were as a result of edema and cholangitis, whereas withdrawals in the a-glucosidase inhibitor group were as a result of ileus, diarrhea, flatulence, abdominal distention and ear pain. Other main adverse events included the common cold, dizziness and headache. The incidence of these adverse events was <5%. Laboratory variables did not show any clinically significant findings. Medication compliance was lower with the a-glucosidase inhibitor than with sitagliptin (88.2% vs 98.0%; P < 0.0001).
Safety
DISCUSSION
The results of the present study showed that in Japanese patients with type 2 diabetes inadequately controlled by metformin or pioglitazone, sitagliptin, a DPP-4 inhibitor, was not only non-inferior, but also superior to the a-glucosidase inhibitor for lowering HbA1c from baseline (on the same level with previous Japanese report compared with placebo 27, 28 ). In addition, more than half of the patients receiving sitagliptin achieved the current ADA glycemic goal of HbA1c <7.0%
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. In parallel to the present study, we also carried out a trial in type 2 diabetes to assess the efficacy and safety of sitagliptin compared with a-glucosidase inhibitor in combination with sulfonylurea (SUCCESS-2 study) 29 . In the SUCCESS-2 study, sitagliptin was not only non-inferior, but also superior to aglucosidase for reduction of HbA1c at 12 weeks, but remained non-inferior at 24 weeks. The results of SUCCESS-1 and 2 together showed that combination of sitagliptin with insulin- sensitizing agents might be adequate for glucose lowering at least within a 24-week period. The reasons why the combination of sitagliptin with metformin or pioglitazone was better than with a-glucosidase inhibitor might depend on the levels of incretin hormones. Metformin has been reported to increase the plasma level of glucagon-like peptide-1 (GLP-1) and enhance the expression of the genes encoding the receptors for incretin hormones in mouse islets 30 . In line with the finding, an addition of sitagliptin to metformin therapy showed a complementary effect on active GLP-1 concentrations 31 . In contrast, in obese patients, pioglitazone shifts fat distribution from visceral to subcutaneous adipose depots 32 , and DPP-4 protein expression in visceral fat is higher than subcutaneous fat 33 . These findings suggest that sitagliptin, in combination with pioglitazone, might synergistically increase incretin levels in patients with type 2 diabetes.
Although metformin and pioglitazone are classified as insulin-sensitizing agents, their action mechanism is different from each other. In the present study, the number of patients receiving pioglitazone monotherapy was too small to evaluate its precise effects. For that reason, we carried out statistical analyses limited to the patients who had been taking metformin, and confirmed that the effects on glucose-lowering and bodyweight were the same as all the participants.
In contrast, a-glucosidase inhibitor also increases active GLP-1, but it decreases gastric inhibitory polypeptide (GIP) and postprandial serum insulin 34, 35 . It is inferred that these changes of incretin and insulin secretion after meals had occurred in the a-glucosidase inhibitor group.
Both sitagliptin and a-glucosidase inhibitor are known to lower postprandial blood glucose levels; we found that these drugs also significantly increased 1,5-AG levels from baseline, a marker reflecting postprandial blood glucose levels 36 . In contrast, only sitagliptin significantly decreased FPG levels from baseline with no changes in fasting insulin concentrations or HOMA-IR. These results might show that sitagliptin combined with insulin sensitizer improved not only postprandial hyperglycemia through glucose-dependent insulin secretion, but also inhibiting hepatic glucose production 37 . Sitagliptin is known to suppress paradoxical glucagon secretion in patients with type 2 diabetes as well 38 . In the present study, there were no differences in the fasting plasma glucagon levels in both groups. This result leads to our presumption that sitagliptin decreased the postprandial plasma glucagon level more than a-glucosidase inhibitor did.
It is reported that DPP-4 inhibitors have a potential to protect pancreatic islet cells 39, 40 , and are expected to decrease cardiovascular risk in type 2 diabetes 41 . These findings also give us a rationale and further insights to use sitagliptin in combination with metformin or pioglitazone.
In contrast, a-glucosidase inhibitors significantly decreased bodyweight in the present study. This could have been as a result of a reduction of postprandial insulin secretion, changes in incretin hormone profiles (e.g., increase in active GLP-1 and decrease in GIP) 34, 35 , enhancing sensations of satiety 42 and energy expenditure 43 . These effects of a-glucosidase inhibitorrelated incretin secretion seem to be prominent in voglibose and miglitol rather than acarbose 44 , and in not elderly patients 45 . The present results show a potential benefit of a-glucosidase inhibitors in treating obese and middle-aged patients with type 2 diabetes.
Although some studies 22, 24, 46 have shown that blood pressure or lipid profiles (total cholesterol, high-density lipoprotein cholesterol and triglycerides) are improved with sitagliptin, no significant changes in these parameters were seen in the present study. When the present study started, nearly half of the patients had already been taking antihypertensive or antihyperlipidemic drugs, and their blood pressure and lipid profiles had been in relatively good control (Table 1) . So in our study, the effects on blood pressure and lipid profiles by sitagliptin might have been attenuated. The reasons why a-glucosidase inhibitor increased the levels of lipid parameters in this study remains to be elucidated.
As reported previously [12] [13] [14] [21] [22] [23] [24] 27, 28 , sitagliptin was well tolerated, with a small increase in the risk of gastrointestinal disorders and hypoglycemia. In contrast, we observed a higher frequency of gastrointestinal disorders and lower medication compliance during treatment with an a-glucosidase inhibitor.
There were some potential limitations to the present study. First, the number of participants enrolled was small, and the treatment period of 24 weeks might have been too short. Second, this study included possible selection bias. Also, the present study was open-label trial, but the primary end-point HbA1c was a hard end-point and other measures were put in place in order to minimize the potential for bias. Third, we Data are presented as n (%). *P-values for differences between the sitagliptin and a-glucosidase inhibitor groups after 24 weeks of treatment.
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J Diabetes Invest Vol. In conclusion, we showed that sitagliptin, compared with a-glucosidase inhibitors, provided greater glycemic control and better tolerability with significantly lower gastrointestinal symptoms and higher medication compliance when used in combination with metformin or pioglitazone in Japanese patients with type 2 diabetes. Our findings support the use of sitagliptin in combination with metformin or pioglitazone in Japanese patients with type 2 diabetes.
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